The purpose of this study was to investigate whether immune complex deposits can be detected in maculae with early stages of ARMD and to explain the assumed macrophage reaction before the disciform reaction. We examined a series of human maculae by direct immunofluorescence light microscopy with antibodies against immunoglobulins, fibrinogen, and complement factors. Transmission electron microscopy was performed to identify the macrophages.
(C_,, C_d, C4; dilution 1:50, CLB), rabbit antihuman C,q (dilution 1:50, CLB) and rabbit antihuman fibrinogen (dilution 1:50, CLB). As negative controls normal rabbit serum (Dakopatts, Denmark) and sections of a macula from a 41-year-old subject, which did not exhibit any abnormalities by conventional light microscopy, were used. As positive controls frozen sections of human skin and kidney from subjects with known immune complex diseases were routinely used at regular time intervals. After incubation with the primary antibodies, the slides were washed and if necessary incubated with FITCconjugated horse anti-rabbit secondary antibodies by the indirect method (polyclonals: complement, fibrinogen, C13, C3) or with FITCconjugated rabbit anti-mouse antibodies (monoclonal: IgE). After washing, the sections were covered with glycerin phosphate buffer. The sections were examined with a fluorescence microscope (Zeiss, Oberkochen, Germany) with epi-illumination (excitation: BP 450-490 nm; dichroic mirror: CBS 510 nm; emission: BP 520-560 nm). The immunoreaction was considered to be positive when a bright extracellular granular fluorescence was present in a linear or patchy pattern. Three sections of every macula Figure 2 Light microscopy ofa i Am plastic section ofa macula with afibrovascular scar. Macrophages, heavily loaded with phagolysosomes and residual bodies, can be seen on the outer side ofBruch's membrane (arrows). The macrophages can be seen preferentially in places where the capillaries ofthe choriocapillaris were probably situated before they became atrophic. However, between the intercapillary pillars, Bruch's membrane is thinner than normalfor that age. On the right a gap in Bruch's membrane has almost developed. The RPE has degenerated completely and the photoreceptors have disappeared. (Toluidine blue, x350.)
were stained with haematoxylin and azofloxin for normal light microscopy to detect BLD and drusen.
To reveal the possible presence of immune complexes, seen as dense deposits, and to confirm the presence ofmacrophages and ruptures in Bruch's membrane, we fixed the opposite half of several maculae with a mixture of 4% formaldehyde/1% glutaraldehyde (for 24 hours, pH 7-4). After Early stages ofage-related macular degeneration: an immunofluorescence and electron microscopy study Figure 5 Electron micrograph ofa severely thinned Bruch's membrane in a macula with a disciform scar. Notice the thin area in Bruch's membrane on the left (open arrow), the total gap in the middle (large arrow), which is probably a postmortem artefact due to the thinning up to the elastic layer and a macrophage on the right (small arrow). The RPE is totally degenerated. (Fig 2) . On electron microscopic observation, cells with the morphological characteristics of macrophages were seen in the vicinity of these places. These cells contained phagolysosomes with digestion products. The images are suggestive of phagocytosis of the OCZ of Bruch's membrane by these cells (Figs 3 and 4 ). Bruch's membrane was destroyed from the side of the choriocapillaris on, up to the elastic layer. Calcifications in the elastic layer seemed to have stopped the phagocytic cells, but several complete gaps were seen (Fig 5) . Between Figure 7 Light microscopic image ofa paraffin section ofa macula stainedfor calcium phosphates (Von Kossa). Notice the break in the highly calcified Bruch's membrane, with vascular ingrowthfrom the choriocapillaris into the sub-RPE space (curved arrow) (magnification x220).
cally because of the faint and only local staining. Almost all sections, including those from younger subjects, revealed linear deposits of complement and fibrinogen in the OCZ of Bruch's membrane, adjacent to the choriocapillaris, suggesting deposition derived from the choriocapillaris, possibly as a result of leakage through the fenestrated endothelium. The presence of complement and fibrinogen without immunoglobulins is not considered to be a sign of immune complex disease.
Human vascular endothelial cells synthesise and secrete complement factors. Both activators (C3) and inhibitors (factor H) are produced and regulated by cytokines (interleukin 1, y interferon.101' Therefore the observed deposits of C3 probably originated from the circulation. This explains the linear deposition of complement along the choriocapillaris. The fibrinogen was probably derived from leakage of the capillaries.
Lysosomal destruction of complement and immunoglobulins has been described. Lysosomal enzymes, such as elastase and collagenase from neutrophilic granulocytes and maybe also from macrophages,' may cause tissue destruction There appeared to be a preference for phagocytosis of the long spacing collagen, which is often seen in the outer collagenous zone of Bruch's membrane.214 However, the presence of this material in a high percentage of the maculae2 compared with the low prevalence of disciform macular degeneration3 makes it questionable whether this is the only causal factor involved in the formation of gaps in Bruch's membrane. Proteins changed because ofinteraction with free radicals, which are formed under the influence of ultraviolet radiation, cannot be recognised as autologous material. This might be another explanation for this phagocytic action.
Other factors for macrophage attraction, such as immune complex deposits or foreign substances in Bruch's membrane, such as the deposition of phospholipids and neutral fats containing PVC plasticisers with advancing age, could also be involved.' 16 With electron microscopy, immune complexes can be identified'2 but were not seen in this study. Moreover, the presence of macrophages is not a consistent finding in early and advanced ARMD.
Other causes of gaps in Bruch's membrane are mechanical breaks in a highly calcified Bruch's membrane (Fig 7) or perforation of the basement membrane of the choriocapillaris by endothelial cells (Fig 8) , as described previously.8 17-l' Even single RPE cells have been shown to be able to penetrate Bruch's membrane (Fig 9) .1020 The 
